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@ Power control for cartesian amplifiers. 



® A Cartesian amplifier is provided with a means 
of controlling its output power comprising a control- 
lable attenuator (20) in the amplifier forward path (4) 
and a controllable amplifier (21) in the feedback path 
(11). A control signal representing the required pow- 



er level is applied to the attenuator (20) and control- 
lable amplifier (21) and. in response thereto, the 
degrees of attenuation and amplification are varied in 
inverse proportion to one another. 
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The present invention relates to a technique for 
controlling the power output of an amplifier, in 
particular that of a Cartesian amplifier without caus- 
ing distortion to the wanted signals i.e. the signals 
being amplified. The power control is applied by s 
varying the forward and reverse path gains of the 
Cartesian loop. 

A description of the operation of a linearised 
amplifier based on the Cartesian loop is given In 
our British Patent Application No 9315985.3 entitled w 
"Automatic Calibration of the Quadrature Balance 
within a Cartesian Amplifier". This shows how the 
loop uses modulation feedback to reduce the un- 
wanted intermodulation products in the RF output. 

Power control can provide significant advan- /s 
tage in a mobile radio environment (to which Carte- 
sian amplifiers have found application). By reduc- 
ing the transmit power to the minimum for good 
communications, co-channel and adjacent channel 
interference can be reduced and battery life in 20 
hand portable equipment can be extended. Thus a 
method that allows efficient power control for a 
Cartesian amplifier without interfering with the 
wanted signal or the performance of the loop is 
highly desirable 25 

Conventional power control can be applied in 
two ways. Firstly, a power attenuator can be used 
on the output of the amplifier, but this is wasteful of 
both power and hardware. Secondly, direct control 
of the amplifier output can be used by. for in- 30 
stance, controlling the supply voltage fed to it or by 
controlling any bias current. Controlling the am- 
plifier output is of little use in the case of a Carte- 
sian amplifier as the loop will always compensate 
for a reduction in amplifier gain by increasing the 35 
drive level. This would result in the amplifier being 
overdriven, causing a significant increase in distor- 
tion. 

In the case of a linear amplifier, such as results 
from the application of a Cartesian loop, power 4o 
control can be applied by reducing the drive level 
at the input to the amplifier system. This requires 
that the dynamic range of the modulating signal be 
extended to include the power control range. A 
number of factors limit the dynamic range of a 45 
Cartesian loop; noise and pick-up effects and. more 
importantly, the unwanted carrier output from the 
amplifier. This second effect is due to DC offsets in 
the baseband circuitry within the loop. Any offsets 
appearing at the output of the differential amplifier 50 
will result in carrier appearing at RF. Because the 
carrier is in the centre of the RF output frequency 
spectrum, it will interfere with the wanted signal if it 
is too large. Methods do exist for reducing DC 
offsets, but achieving very low levels for long 55 
periods of time is difficult and the residual carrier 
output limits the dynamic range of the Cartesian 
amplifier. 



The transfer function of a feedback amplifier is 
of the general form 

Y(t) _ K 
X(t) l^KH 

Where K and H are the forward and reverse path 
transfer functions respectively and KH represents 
the loop gam. 

It is evident that power control which is in- 
versely proportional to the level of some power 
control signal can be achieved by varying the gain 
in the feedback path. 

However this approach means that the loop 
gam varies in direct proportion to the gain in the 
reverse path. Thus the loop must be designed to 
be stable at the highest level of loop gain which 
occurs at the lowest power output. It must also be 
designed with sufficient loop gain at the highest 
power output to reduce any unwanted non linear 
distortions from the power amplifier. 

Thus, compared with an amplifier without pow- 
er control, this simple form of power control re- 
quires the use of a more linear power amplifier for 
any given loop configuration and required output 
linearity. 

As the drive level to a Cartesian loop is altered, 
the transistor in the power amplifier will be driven 
to different portions of . its characteristic, operating 
curve. This will result in a variation of its average 
gain with drive level. Any resulting change in the 
forward gain can effect the power control methods 
described above. 

In the approach described above, no attempt is 
made to compensate the loop gain as power con- 
trol is applied. This means that no compensation 
for the response of the power amplifier can be 
made. Typically the gain of the amplifier will re- 
duce as the signal level increases and the transis- 
tor approaches saturation. In the other direction the 
loop gain will be increased by the power amplifier 
at low output power levels. This tends to extend 
further the stability margin required to operate pow- 
er control in this way. 

The only way that the power amplifier response 
can be used to advantage is if its gain reduces with 
reducing output power. This is the case at low 
drive levels when the transistor is not biased into a 
linear region (such as when operating class C). 
Such responses can be used to reduce the loop 
gain at low output powers. It must be remembered, 
however, that the stability of the Cartesian loop is 
dependent on the worst combination of loop gain 
and power amplifier characteristic. This wii; always 
occur at some point in the power control char- 
acteristic. 
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According to the present invention, there is 
provided a power amplifier comprising an input 
terminal for receiving a signal to be amplified, a 
forward amplification path having a power amplifier 
output stage, a feedback path and means for con- 
trolling the output power of the output stage, com- 
posing means for controlling in a coordinated man- 
ner the degree of attenuation of signals in the 
forward path and the degree of amplification in the 
feedback path, in accordance with a signal repre- 
senting the required output power level. 

As descnbed below, the amplifier of the inven- 
tion may be used in FDM (Frequency Division 
Multiplexing), TDM (Time Division Multiplexing) and 
CDM (Code Division Multiplexing) communication 
systems, in particular trunked radio systems. The 
invention thus further provides FDM. TDM and 
CDM communication systems incorporating one or 
more transmitters using the amplifier of the inven- 
tion. 

The invention will be further described by way 
of non-limitative example with reference to the ac- 
companying drawings, in which:- 

Figure 1 illustrates in block form a first embodi- 
ment of a Cartesian amplifier according to the 
present invention; 

Figure 2 is a simplified representation of the 
amplifier of Figure 1: 

Figure 3 illustrates a second embodiment of the 
invention; and 

Figure 4 illustrates a trunked radio network in 
which transmitters incorporating amplifiers ac- 
cording to the invention are used. 
Figure 1 illustrates, in block diagram form, a 
Cartesian loop amplifier embodying the present 
invention. An input signal to be transmitted is ap- 
plied to the input terminal 2 of a signal pre-proces- 
sor 3 which when operating in a first, transmission 
mode, prerprocesses the signal to apply a linearis- 
ing pre-distortion ^ to it. .and., resolves it into two. 
quadrature ("rear' and "imaginary") components in 
two separate channels which are then applied to 
respective forward paths 4A, 48 of an error am- 
plifier 4. As described in our copending application 
referred to above, the pre- processor 3 is also op- 
erable in a second, calibration, mode in which it 
applies a series of test signals to the two inputs of 
the forward paths 4A. 48 which are used to derive 
values used in pre -distorting the input signal to 
improve linearity. The outputs of the paths 4A and 
48 are summed by a summing circuit 5 and then 
subjected to up-conversion to RF by a modulator 6. 
The up-conversion to RF can be either direct or via 
one or more stages of conversion via intermediate 
frequencies (IF). The form of RF signal is not 
directly relevant to the present invention, but it is 
noted that the embodiment of Figure 1 was devised 
for production of a single sideband, suppressed 



carrier mobile radio signal. 

The invention is also applicable to other types 
of radio transmission in particular so called code 
division multiple access (spread spectrum) sys- 

5 tems, in which optimising transmission power is an 
important concern, requiring the transmission pow- 
er to be within IdB of its optimum value. 

The signal resulting from the frequency up 
conversion by modulator is applied via a variable 

70 attenuator as the drive signal to the input of an RF 
power amplifier 7. The purpose of the Cartesian 
loop is to linearise the amplification of an input 
signal between the input to the pre-processor and 
the output of this power amplifier 7. 

;5 A directional coupler 8 is used to apply the 

output of amplifier 7 to an antenna 9 for transmis- 
sion and to obtain a sample of the output which Is 
used to drive the feedback part of the Cartesian 
loop. 

20 This sampled signal is passed through a vari- 

able gain amplifier 21 and is frequency down- 
converted back to baseband by a frequency down- 
converter 10 which may be implennented by any 
suitable demodulating circuitry and the resulting 

25 Signal is then processed, by circuitry described 
below, so as to resolve it into two quadrature 
feedback signals which are used to apply respec- 
tive corrections to the signals passing through the 
two parallel forward paths 4A, 48 of the error 

30 amplifier 4. As with the frequency up-conversion, 
the frequency down-conversion may be direct from 
RF to baseband or via one or more stages of 
intermediate frequency conversion. The demodula- 
tion needless to say. should be the inverse of the 

35 modulation applied in the up-conversion. 

The two forward paths 4A. 48 include, as a first 
stage, amplifiers 12A. 128 which respectively re- 
ceive the real and imaginary quadrature compo- 
nents of the pre-processed input signal from termi- 
te X. nal 1 and the corresponding one of the two quadra- 
ture components from the feedback path 1 1 and 
produces an output equal to the difference between 
those components. 

The difference signals for the real and imagi- 

45 nary components from the amplifiers 12 A. 128 are 
applied to respective mixers 13A. 13B where they 
are mixed with signals derived from the output of a 
local oscillator 13. 

The output of oscillator 13 passes through 

50 power splitter 14 which divides the signal between 
the forward and reverse paths of the Cartesian 
loop. In the forward path, a phase shifter 15 pro- 
vides compensation for delays around the Carte- 
sian loop so that negative feedback at the error 

55 amplifier is ensured. The output from the phase 
shifter 15 passes through a 0'/90' phase shift- 
er/splitter 16 so that the signals from amplifiers 12A 
and 1 28 are mixed with two sinusoidal signals from 
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ihe output of oscillator 13 which are 90' phase 
shifted relative to one another. This achieves a 
quadrature up-conversion of the output of amplifi- 
ers 12A and 12B. 

In the feedback path, the output of the fre- 
quency down-converter 10 is applied to the input of 
a 0* 0" phase splitter. The outputs from phase 
splitter 17 are applied to two mixers 18A. 18B 
where they are mixed with two signals, phase shift- 
ed 90' relative to one another derived by phase 
shifter-splitter 19 and phase splitter 14 from the 
local oscillator 13. The outputs of the mixers 18A, 
18B are applied to the inverting inputs of amplifiers 
12A. 128, as representing quadrature components 
at baseband of the output of amplifier 7. 

The signal preprocessor is used to predistort 
the real and imaginary quadrature drive signals 
applied to the Cartesian loop forward path so as to 
reduce distortion and improve linearity 

The provision of the variable attenuator 20 in 
the forward path prior to the Rl power amplifier and 
the vanabte gain amplifier 21 in the reverse path 
enables transmission power control without requir- 
ing a large modulation dynamic range and without 
causing distortion. 

The degree of attenuation of the attenuator 20 
and the gain of variable gam amplifier 21 may t>e 
stepped or. more preferably, continually variable. 

To explain the operation of the power control, 
consider the simplified baseband equivalent dia- 
gram shown in figure 2. Here K and H are the 
complex forward and reverse path gains, respec- 
tively, for the Cartesian loop. In addition, k and h 
are the real gains associated with the variable 
attenuator 20 and the variable gain amplifier 21 
respectively. The loop equation for a Cartesian 
amplifier, without k and h. is given by the simple 
feedback loop equation: 



y(t:) _ K 
X(t) l^KH 



where X(t) is the input to the Cartesian loop and Y- 
(t) is the output, both of which are represented as 
complex signals. If the terms k and h are added, 
the equation becomes: 



Y( t) _ Kk 
X(t) ' 1 + KHkh 

Evidently, the gain of the Cartesian amplifier can 
be varied by altering the values of k and h. Typi- 
cally KHkh is much greater than unity, so the gain 
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of the amplifier system will be inversely propor- 
tional to Hh. 

By examining the loop gain of the system, it is 
possible to find a constraint on the gains k and h. 
5 The loop gain if given by the forward gain multi- 
plied by the reverse gam. i.e.: 

loopgain = .|KHkh| 

;o Loop gain is a critical design parameter for a 

Cartesian loop- In practice loop components dis- 
play a frequency-dependent response. Of particular 
note is the response of the phase shifter which 
compensates for delay around the loop by applying 

IS a phase shift to the local oscillator in either the 
forward or reverse path. This phase shift will only 
compensate for the delay over a limited bandwidth. 
As the loop gain is increased it is found that the 
system is more prone to instabilities and oscillation 

20 due to non ideal components and non-flat fre- 
quency responses. 

The linearisation achieved by the loop is de- 
pendent on the loop gain. As the loop gain is 
increased the distortions due to the power amplifier 

25 will reduce. Thus the loop gam should t>e cal- 
culated as the best compromise between stability 
and linearisation. In any one implementation, it is 
desirable to l^eep the loop gain at a constant level, 
which means that k and h are limited by the 

30 relationship: 

In summary, the gain of the Cartesian am- 
35 plifier, and thus the output power can be controlled 
by varying the reverse gain with the term h. The 
loop gain can then be controlled by applying a 
forward gain k, in the up-converter. To achieve a 
fixed loop gain, k rhust be inversely proportional to 
40 h. 

Considering figure 1 . power control is achieved 
by applying a continuous control signal to the vari- 
able gain amplifier 21 in the reverse path. The 
same control signal is applied to a vanable at- 

45 tenuator 20 in the forward path. The variable at- 
tenuator 20 is designed to give a response to the 
control signal which is inversely proportional to that 
of the variable gain amplifier 21. As the level of the 
control signal and hence the gain of the variable 

50 gain amplifier 21 is increased, the power output of 
the Cartesian loop will reduce by the numt>6r of 
decibels that the reverse gain increases. 

The particular advantage of this method is that 
power control is applied without affecting the want- 

55 ed modulation. As more power control is applied, 
both the unwanted carrier output from the Cartesian 
loop and the effect of the noise floor in the system 
will tend to fall. Thus the extent of power control is 
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not limited by the dynamic range of the Cartesian 
loop circuitry. 

It IS possible to vary the terms k and h in 
relationships other than that above. This will result 
in the loop gain changing as the amount of power 
control is varied. 

in the illustrated embodiment of the invention, 
the forward gain k. is adjusted to maintain a con- 
stant loop gam. Variation in the power amplifier 
gam will tend to alter the loop gam and the optimal 
solution is to vary k to compensate for changes in 
the amplifier gam. One' way to achieve this is to 
predistort the power control signal before applica- 
tion to the variable attenuator 20. This is shown m 
the embodiment of. figure 4. Here, a predistortion 
look-up table is used to convert the power level 
control signal to a suitable corresponding gain con- 
trol signal for the variable attenuator 20. 

A method for implementing power control in a 
Cartesian loop has been described. This allows the 
output of the loop to be controlled without affecting 
the loop gain so that the stability margin is not 
changed. The method does not cause distortion to 
. the modulation and does not rely on a wide modu- 
lation dynamic range around the loop. Additionally, 
it is implemented in such a way that the ratio of 
any unwanted carrier to wanted signal remains 
constant 

As in our copending British Patent Application . 
No. 93159853 referred to above, the output of the 
directional coupler may be processed (e.g. by rec- 
tification and time averaging) to derive a signal 
representative of the amplifier output power. This 
signal may be utilised by the power controller of 
the present invention to adjust the output power to 
a required level. 

Inter alia, the amplifier of the present invention 
is applicable to RF transmission in trunked radio 
_ systems using FDM (Frequency Division Multiplex- 
ing) and TDM/TDiy/tA (Time Division IVIultiplexing 
and Time Division Multiple Access) or COM/CDMA 
(Code Division Multiplexing/Code Division Multi- 
plexed Access) systems. 

In an FDM system, a region of the RF spec- 
trum, for example 25KHz wide, might be split into 
five adjacent channels each SKHz wide and carry- 
ing different voice or data communications. In such 
a system, individual amplifiers, each embodying 
the invention, may be used to transmit the signals 
of the individual voice/data channels. 

In a TDM or TDMA system, a number of input 
voice or data signals are cyclically sampled and 
division multiplexed into successive slots of TDM 
signal which is then up-converted to RF and may 
be transmitted using an amplifier embodying the 
invention. 

In a so-called Code Division Multiplexed Ac- 
cess (CDMA) system, a number of relatively nar- 



row-band baseband signals are modulated to RF to 
share a wider-band channel at RF. This is achieved 
by multiplexing each of the baseband signals by a 
unique binary "spreading" code, which spreads the 
5 spectrum of the signal across the RF channel. 

Figure 4 illustrates a trunked radio network 
using FDM. TDM or COM for two-way communica- 
tion in which a number of base stations Bl-BN 
having one or more transmitters and receivers are 
10 geographically distributed to facilitate communica- 
tion between mobiles (e.g. road vehicles) Ml -MM 
equipped with two-way radios MR1-MRM. Any or 
all of the base stations Bi-BN and/or mobiles are 
equipped with one or more transmitters incorporat- 
es ing an RF power amplifier 1 embodying the inven- 
tion (these may for example be m accordance with 
Figure 1 or Figure 3) for amplifying the trunked 
radio signals for transmission. Figure 4 shows a 
two-way communication between mobiles Ml and 
20 M3 being trunked via base stations B3 and B4 
which are interconnected via land lines L. 

In such a system, where the transmitter is 
equipped with an amplifier embodying the present 
invention, the associated receiver at that base sta- 
25 tion or mobile may be provided with a received 
signal strength detector to monitor the signal 
strength of the incoming signal to which the trans- 
mit is being used to respond. The power level used 
by the associated amplifier in that base station or 
30 mobile may then be set in accordance with the 
received signal strength, so that the transmitter 
power is increased as the received signal de- 
creases. 

35 Ctaims 

1, A power amplifier comprising an input terminal 
(2) for receiving a signal to be amplified, a forward 
amplification path (4) having a power amplifier out- 

^ put stage (7). a feedback path (11) and means 
(20.21) for controlling the output power of the out- 
put stage, characterised in that the controlling 
means is operative to control in a coordinated 
manner the degree of attenuation of signals in the 

45 forward path and the degree of amplification in the 
feedback path, in accordance with a signal repre- 
senting the required output power level. 
2- A power amplifier according to claim 1 wherein 
the degrees of attenuation and amplification are 

50 varied in inverse proportion to one another. 

3. A power amplifier according to claim 1 or 2 
which is a Cartesian amplifier having respective 
forward and feedback paths for "rear and "imagi- 
nary" quadrature signals. 

55 4. A power amplifier according to claim 3 in which 
the controlling means (20.21) controls the attenu- 
ation of both quadrature forward paths and the 
amplification in both quadrature feedback paths. 
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5. A power amplifier according to any one of the 
preceding claims and including a look-up table (22) 
for converting the level of the output power level to 
a value used to establish the degree of amplifica- 
tion rn the feedback path which compensates for 5 
variations in the forward path gain with power level. 

6. A power amplifier according to any one of the 
preceding claims wherein the degree of attenuation 
of signals in the forward and path and the degree 

of amplification of signals in the reverse path are w 
both continuously variable. 

7. A radio transmitter comprising means for fre- 
quency translating at least one signal at baseband 
frequencies to transmission frequencies and at 
least one power amplifier H) according to any one ^5 
of the preceding claims for power amplifying the, 

or a respective frequency translated signal for radi- 
ation via an aerial (9). 

8. A radio transmitter according to claim 7. wherein 

the or each transmitter (I) includes means (8) for 20 
monitoring the output level of the or each amplifier, 
the output of the monitoring means being used to 
control said controlling means such that the output 
of the transmitter is set to a desired level. 

9. A radio communication system comprising a 25 
number of base stations (81-B6) and/or a number 

of mobiles {M1-M6). the base stations and/or mo- 
biles having at least one transmitter according to 
claim 7 or 8 and at least one receiver. 

10. A system according to claim 9. wherein a 30 
receiver of a base station or mobile includes 
means for measuring the strength of a received 
signal for controlling the power level of the asso- 
ciated transmitter of that base station or mobile 
according to the measured received signal 35 
strength. 

11. A system according to claim 9 or 10 which is 
operative to transmit a number of channels of com- 
munication signals which are frequency division 
multiplexed. 40 

12. A system according to claim 9 or 10. which is 
operative to transmit a number of channel of com- 
munication signals which are time division mul- 
tiplexed. 

13- A system according to claim 9 or 10. which is 45 
operative to transmit a number of channels of com- 
munication signals which are code division mul- 
tiplexed. 

15. A system according to any one of claims 9 to 

13 which is operative as a trunked radio commu- so 

nication system. 
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Fig.2. 







K 


► 




;> 


► 




k 



^ Y(t) 



H 




h 







BNSDOCID: <EP 064801 2A1_I_> 



8 



EP 0 648 012 A1 



o • ^ 

I— 5!^ GD 

cn O <: 




OD z iZ 

^ 5 =J 
cr o ci- 



CO 



0 



CNJ 



o 

CO 
QC 
LU 
> 

o 
o 



o 

QC 



o 
o 



o o 

o o 



^ Zj 
S CO 



CO 



CO 

cb 



a. 



CD 

GO 



<: C tr 
^ p5 

CO 



O 

GO 



az 

CO 
LU 

o 
o 
cr 

CL 
LU 

CE 

Q- 



<^ < 

LU 2 C3 



CO o 
uj cr 

^8 



BNSDOCID: <EP_ 



_064e012AlJ_> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numb« 

EP 94 30 6240 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Ckadon of dociunetic with indicBdon, where approyriale. 
of relevant pBSsaft«s 


Relevant 
to daim 


Clw<S.SinCATION OF THE 
APPUCAnON llm.Cl.*) 


X 


EP-A-0 546 693 (MATSUSHITA ELECTRIC 
INDUSTRIAL) 

* column 3, line 11 - column 5, line 18; 
figures 1-4 * 


1 


H03G3/20 
H03F1/32 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 17. no. 583 (E-1452) 13 July 1993 

& JP-A-05 175 771 (FUJITSU) 

* abstract * 


: 


• 

1 


A 


US-A-5 066 923 (P. H. GAILUS ET AL.) 
* abstract * 


1 





fimt of Mvck 


Oal* «f CBi^kiiit ml Iki Max* 




THE HAGUE 


6 January 1995 


Blaas, D-L 



The present search report has hccn dfnn up for all ctaims 



ITOtNlCAL HELDS 
SCARCIIEU (lAt.CI.*) 



H03G 
H03F 



CATECORV OF OTEO UOCUMCNTS 

X : paitlailarly relenjii If tafcea sloac 

Y : particularly r«l«vant if coiabftnetf wlih anofhar 

docunaM of cbc sane caicRory 
A : tcchnoloflcal heckgrouatf 
O : fion-«rltt«i ilsdosure 
P : iaiermediaie 4ocuiB«n( 



T : tkaocy or principle uiMlerlyinK the iaventioa 
E : earlier pataat docunetit, bet puMlshed oa, or 

tft« tht flliag date 
D : doeumtat died in the applicaitoa 
t : docwaaii die4 for other reasons 



■ber of the same paieni family, cormpondto( 



BNSDCXJID: <EP. 



.06480 12A1_L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
J3^^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^^HfLmES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (MSPio) 



